While the use of ankle brachial indices (ABI) in the screening for peripheral arterial obstructive disease is widely accepted, the applicability of ABI in the identification of critical leg ischaemia (CLI) is far from settled. The aim was to assess inter-observer variability of ABI measurements in patients with CLI.
INTRODUCTION
The presence and severity of atherothrombotic disease of the lower limbs is most often evaluated by pulse palpation. This evaluation is, however, far from accurate (1). Neither is the clinical picture itself sufficient enough to describe the severity of the under-lying vascular lesions, especially for the more inexperienced examiner.
Pressure measurements have been shown to be reasonably reproducible (2) and useful in screening for mild peripheral vascular disease (3). Therefore they have been widely accepted as routine measurements in the assessment of vascular surgical patients (3).
Pressure measurements may be used to estimate the degree of ischaemia and are widely used for research purposes. Various definitions for critical leg ischaemia (CLI) are based on distal pressure data (4, 5).
One of the most basic and readily available measurement techniques uses Doppler-signals for detecting arterial flow distal to the occluding cuff. Al-though the Doppler technique is relatively simple and measurements are easily obtained in patients with a good quality signal, difficulties may arise when measuring patients with weak signals as is very often the case in critical leg ischaemia. Falsely elevated pressures due to mediasclerosis caused by diabetes and other disorders (6, 7) are among the various pitfalls compromising pressure measurement results.
In everyday practice, many of the measurements are performed by physicians with little experience on vascular diseases, surgeons in training or untrained nurses. There is ample data on the accuracy of these measurements in patients with moderate (8) or no arterial insufficiency (9), whereas it is unclear how vulnerable the method may be when measurements are done by measurers with variable experience in patients with low quality signals and low pressure values in critical leg ischaemia (CLI). Yet the identification of CLI is of crucial importance, as untreated CLI leads to major amputation in 42-50 % (10) (11) (12) .
The aim of the present study was to find out how much the pressure values in critically ischaemic patients differ from each other when measured by a number of different measurers with variable experience (Part A) as well as to assess the inter-observer agreement of pressure measurements performed by two trained vascular technicians (Part B). In part A it was aimed to study the true applicability of ankle brachial index (ABI) measurements for identification of CLI.
MATERIAL AND METHODS PART A:
The first part evaluated the variation of ABI measurements in critical ischaemia when performed by measurers with variable experience: 22 critically ischaemic limbs and altogether 44 ankle arteries were measured in 19 patients being admitted to the surgical ward. Four of these patients were diabetics with toe pressures ranging from 15-28 mmHg. The patients included fulfilled the following inclusion criteria: -I schaemic tissue lesion or rest pain > 2 weeks with pressure values fulfilling the criteria for CLI according to the Second European Consensus Document (ankle systolic pressure of = 50 mmHg and/or toe systolic pressure of = 30 mmHg) or a flat pulse volume amplitude at the ankle. -T he patient was able to hold still for a longer period of time and had no major pain or large open wounds in the area where the cuff for pressure measurement was to be placed.
Determination of the pressure-and PVR-criteria was performed in the vascular laboratory on an outpatient basis by experienced vascular technicians up to one month prior to the study. Thereafter the study co-ordinator selected the patients being suitable. The measurements were performed in the usual clinical setting with doctors measuring pressures independently among their other duties and receiving little or no instructions. The surroundings were those usually being present at a hospital ward with some background noise from other hospitalised patients and staff.
Each limb was measured by 7 examiners with varying degrees of measurement experience: A vascular nurse in training (performing several measurements a day), a clinical physiologist in training (daily experience with Doppler), 2 vascular surgeons (Doppler measurements a few times a month) and 3 vascular surgeons in training (little experience of this kind of measurements).
The first measurer (clinical physiologist) measured the brachial pressure in both arms to determine which was the highest. The others measured only the brachial pressure in the arm with the higher pressure.
The pressure measurements were carried out in random order and blinded except for the fact that the occlusion cuffs were in place during the whole measuring procedure to indicate the ankle and arm to be measured. In every leg measured both the dorsal pedal artery and the posterior tibial artery were measured.
The measurers were unaware of the patient's medical history, other than the fact that they had symptoms, which could be due to lower limb ischaemia.
PART B:
In the second part of the study the inter-observer agreement of ABI in CLI measured by experienced measurers was assessed. 33 critically ischaemic limbs in 30 patients were measured in the vascular laboratory. The patients fulfilled the criteria listed above. Diabetes was present in 8 patients (27 %).
The measurements were carried out in circumstances with little background noise. Measurements were performed prospectively by two skilled vascular nurses, with daily measurement experience of three years or more. Either the posterior tibial artery or the dorsal pedal artery was measured. In every measured leg both nurses used the same vessel.
In both parts of the study the measurements were performed after at least 15 min of rest using a hand held directional Doppler device with earphones to detect the flow signal (9,5 MHz, model 806-CB Parks Medical Electronics, Oregon, United States) with the patients in supine position and none with foot dependency.
In order to exclude the influence of factors influencing systemic pressures, ankle brachial indices (ABI) were used for analysis instead of absolute pressures.
The statistical analysis was performed using a SPSS statistical software package (SPSS for Windows 7.0, SPSS Inc., 444 North Michigan Avenue, Chicago, IL 60611 USA). The inter-observer variability was calculated by means of calculating the mean coefficient of variation [ √ Σ ((coefficient of variation of the vessel measured) 2 /N)].
As in Part A no experienced vascular technician was available to participate in the study and the vascular laboratory measurements could not be used as a reference, the median ABI for each measured ankle artery was calculated and the difference from this median was determined. The inter-observer differences in Part A had a skewed distribution, therefore the median was used for all further calculations for Part A. To assess the influence of age (above vs. equal or below 65 years of age), gender and severity of arterial disease (ABI level of above and equal to vs. below 0.5) (13) on measurement differences, the Mann-Whitney U-Test was used. Chi-square analyses were used to assess the possible influence of gender, diabetes, age, measurer status or severity of arterial disease on the occurrence of ABI-values differing more than 0.15 or 0.10 from the median ABI.
For Part B the Wilcoxon Signed Ranks test was used for analysis of the influence of age and gender on measurement differences. .029 11 %2 0 % significance p = 0.433 1 p = 0.24 2 p = 0.35 2 Severity of the disease ABI ≥ 0,5 0 80 .031 11 %2 8 % ABI < 0,5 36 0.51 17 %2 5 % significance p = 0.081 1 p = 0.20 2 p = 0.65 2 1 Mann-Whitney-U-test 2 Chi-square-test 
RESULTS

Variation of ABI between measurers with variable experience (Part A):
The median inter-observer ABI-difference from the median ABI in this group was 0.03. However, 16 % of the ABI values differed 0.15 or more from the median and 26 % differed 0.10 or more from the median ABI. The number of ABI measurements differing more than 0.15 or 0.10 from the median ABI was not affected significantly by different risk factors (Table  1 ). The mean coefficient of variation in this subset was 56.1 (Fig. 1) . In 12 of 44 measured ankle vessels one or more of the measurers did not detect an arterial signal, in which cases the resulting ABI was zero. Diabetes was found to be the only factor increasing inter-observer difference ( Table 1) . The largest single difference from the median, 0.99, was measured at the dorsal pedal artery of a diabetic male aged 65.
Inter-observer agreement of ABI measured by experienced vascular technicians (Part B):
The median ABI-difference between two experienced vascular nurses was 0.02. The difference be-tween the measurements did not exceed 0.14, which could be considered an outlier, as the second largest difference was 0.10. The mean coefficient of variation was 3.2. The data contained 8 measurements with ABI values above and equal to 0.5 and 25 below 0.5. (Table 2) DISCUSSION Although critical leg ischaemia may be easily recognised in many cases by its clinical picture alone, the early identification of critical leg ischaemia in general health care continues to be one of the main diagnostic problems in peripheral vascular disease. In screening for claudication, pressure measurements are a widely accepted assessment method (3). Their value in detecting mild PAOD is underlined by a suggested 95 % sensitivity of ABI-values below 0,9 in detecting angiogramme-positive PAOD, (3). In ruling out PAOD the method has been shown to be up to 100 % specific (9). The role of pressure measurements in screening for critical leg ischaemia, however, is still under debate (3, 14) . If distal pressure measurements are to be used in critical leg ischaemia, their variation has to be within known limits. The results of the Part B of the present study show that pressure measurements are reproducible, even in patients with CLI, when performed by experienced vascular technicians. Thus the method itself can be regarded as a useful and reliable tool.
The influence of the experience of the measurer has been studied previously in patients with moderate arterial disease. Ray (8) found that the ABI-values measured by an inexperienced measurer were in outside a 0.15 limit 30 % of the cases when comparing to the results achieved by an experienced vascular technician. Similarly, in a study by Salenius et al on unselected vascular patients, measurements performed by vascular surgeons and nurses not specialised as vascular technicians, approx. 30 % of the ABIvalues differed more than 0.15 from each other (15) . The acceptable variability in ABI measurements has been under discussion with some authors setting the limit to 0.10 (5) and others to 0.15 (4). In the present study on critically ischaemic legs almost every fifth measurement was outside the 0.15 limit and almost every third outside the 0.10 limit, when measured by inexperienced measurers. This is in accordance with the findings of Ray et al (8) as they used the measurements of an experienced vascular technician as a gold standard while in the present study only the median ABI value was used as a reference.
The high percentage of measurements with a difference above 0.15 indicates the vulnerability of ABImeasurements in patients with CLI in the hands of inexperienced measurers.
All measurers were aware of the fact that they were participating in a reproducibility study and ample time was given for the performance of the measurements. It could be expected that if this knowledge resulted in any bias at all, it would reduce the variation observed.
According to the present study CLI cannot be identified or ruled out reliably by simple ABI measurements performed by inexperienced measurers. Therefore all patients with symptoms indicating CLI should be sent for evaluation to a vascular unit with an audited vascular laboratory in order to prevent delayed admission of potential candidates for surgery.
